NSAIDs appear to prevent the progression of precancerous 1 To whom correspondence should be addressed lesions in the colon. Regression of precancerous lesions has been used in experi-
and their mean body weights in each treatment group prior to the start of administering the chemopreventive agents are given in Table 1 . At 5 weeks after the first dose of AOM, 12 g/kg OH) were added to the diet. Also, at this time, other rats started to receive PA (Aldrich Chemical Co, Milwaukee, WI) at a dose of 0.3 g/kg body wt by gavage in corn oil for 6 days with a tint of green and those with normal levels of activity a week.
were intensely reddish-brown. At 0, 10 and 28 days after the start of administering the The results were analysed for statistical significance by a chemopreventive agents, the animals were killed by carbon one-way analysis of variance (ANOVA) followed by the dioxide asphyxiation in order to determine the starting number Tukey test. A P-value of 0.05 was used to signify statistical of ACF (day 0) and regression/prevention of ACF (days 10 significance. and 28). The colons were evaluated for ACF by the procedure Body weights of rats were monitored at 0, 10, and 28 days described previously (18, 22) . Briefly, the colons were excised, after the start of administering the test agents (Table 1) . There cut open along the longitudinal axis, flushed with cold saline was no significant difference (P Ͼ0.05) in body wt of the and fixed flat in 0.1 M phosphate buffered-10% formalin animals administered the chemopreventive agents and those solution (pH 7.4, 4°C) for 24 h. The colons were then fed the control diet, except at termination for the animals fed transferred to 70% ethanol and stored at 4°C until stained in DFMO (2 g/kg diet) which had a statistically significant 0.2% methylene blue in 70% ethanol solution for 5 min. The increase in the body wt. number of ACF/colon was determined with the use of a
The effect of the chemopreventive agents upon the number microscope at a magnification of ϫ40. ACF were distinguished of ACF/colon induced by AOM is presented in Figure 1 . After from surrounding non-involved crypts by their increased size, 10 and 28 days of exposure to curcumin, DFMO and PA, the elongated luminal opening, increased distance from luminal to yield of ACF was significantly reduced (P Ͻ0.01) compared basal surface of cells, the easily discernible, thickened epithelial to the control group. At both time points, the yield of ACF in cell lining and enlarged pericryptal zone relative to surrounding animals fed FA was slightly lower, but not significantly normal crypts. different (P Ͼ0.05) from the control group. The yield of ACF After evaluation for ACF, the colons from six animals in in the animals exposed to curcumin decreased with time, from each treatment group were randomly selected and stained for 108.4 Ϯ 6.1 prior to curcumin to 104.1 Ϯ 5.4 after 10 days hexosaminidase activity using the method described previously and to 66.0 Ϯ 7.8 (significantly different from prior to (20) (21) (22) . Briefly, the colon was rinsed in phosphate buffered exposure, P Ͻ0.01) after 28 days of exposure. That is, the saline (PBS, pH 7.4) incubated in the same PBS at 4°C for 2 yield of ACF after 28 days of exposure to curcumin was~40% h, and then stained at 37°C for 3 h in a medium containing less than the yield in the animals prior to its exposure. Hence, 0.1 M citrate buffer, 0.5% calcium chloride, 8% polyvinyl it appears that regression of ACF occurred after 28 days, but alcohol (mol. wt 13, 000~23, 000), 0.2% hexazonium salt of not after 10 days of exposure to curcumin. The number of pararosaniline (Sigma Chemical Co., St Louis, MO), 0.04% ACF/colon in the animals exposed to DFMO or PA for 10 or naphthol AS-BI-β-D-glucosaminide (Sigma Chemical Co., St 28 days were not significantly different (P Ͼ0.05) than the Louis, MO), and 0.4% ethylene glycol monomethyl ether yield prior to their exposure. The increase in the yield of ACF (Sigma Chemical Co., St Louis, MO), pH 4.7. The entire in the control group at days 10 and 28, was reduced by both reddish brown appearing colon was rinsed briefly in PBS and DFMO and PA, indicating their ability to prevent new foci. counter-stained for 5 s in 0.2% methylene blue in 70% ethanol.
However, the results do not rule out the possibility that the ACF recognized by their aberrant morphology, were classified decrease in ACF in animals administered either of the two as either lacking, having less than normal or having normal agents is due to both the prevention of new ACF and the levels of hexosaminidase activity relative to non-involved regression of others. crypts of the colon. The appearance of ACF that lacked
The level of hexosaminidase activity in ACF from animals hexosaminidase activity were intensely blue-green, those with on control diet was classified as being absent in 94%, less than normal in 5% and normal (same histochemical staining less than normal levels of activity were moderately brown as surrounding non-involved crypts) in 1% of the foci (Figure (6, 7, (23) (24) (25) . PA demonstrated in this study the ability to prevent the increase of ACF during the 28 days of its exposure. 2). After 10 days of exposure to curcumin, the percentage of ACF that lacked hexosaminidase activity decreased to 34%, This would suggest that PA could prevent colon cancer. PA and other monoterpenes have demonstrated chemopreventive while those with less than normal levels of the activity increased to 35% and with normal levels increased to 31% (P activity in rat mammary gland and liver (26) (27) (28) . FA has been shown to inhibit rat tongue carcinogenesis when administered Ͻ0.01 for the three comparisons to the control group) ( Figure  2A ). After 28 days of exposure to curcumin, the percentage concurrently with the carcinogen, 4-nitroquinoline-1-oxide (29) . FA did not demonstrate the ability to prevent ACF or to of ACF with normal and less than normal levels of hexosaminidase activity decreased relative to 10 days of exposure from induce the regression of ACF, and was the weakest agent in inducing hexosaminidase activity in ACF. This indicates that 31 to 6% and from 35 to 13%, respectively, and the percentage of ACF lacking activity increased from 34 to 81% (P Ͻ0.05) its chemopreventive activity in the colon is likely to be weak.
The results of this study demonstrated that another NSAID, (Figure 2 A,B) . After 10 days of exposure to FA, PA and DFMO, the percentage of ACF that lacked hexosaminidase curcumin, similar to piroxicam (13) can induce the regression of ACF. It also demonstrated that the reappearance of hexosamiactivity also decreased with increases in the precentage with less than normal and normal levels (Figure 2A) . However, the nidase activity in ACF might be a biomarker for the ability to induce their differentiation and regression. changes were less pronounced than with exposure to curcumin. Similar to animals exposed to curcumin for 28 days, the References percentage of ACF with normal and less than normal levels of hexosaminidase activity decreased relative to 10 days of prevent AOM-induced ACF and cancer in the colon of rats
